We analyze the photo-production helicity amplitudes for the positive parity excited baryons in the context of the 1/N c expansion of QCD. The results show that sub-leading corrections in 1/N c are important and that, while 1-body effective operators are dominant, there is some evidence for the need of 2-body effects.
This letter addresses the photo-production helicity amplitudes of the positive parity excited baryons belonging to the [20, ℓ + ] of SU(4) × O(3) with ℓ = 0 and 2 in the context of the 1/N c expansion. Baryon photo-couplings have been the subject of many studies over a period of forty years and are key elements in the understanding of baryon structure and dynamics (for a recent review see Ref. [1] ). The most commonly used tools of analysis have been the different versions of the constituent quark model (CQM) [2] , and also the so-called "single-quark transition theory"(SQTT) based on SU(6) W symmetry [3] . An approach consistent with QCD is implemented through the 1/N c expansion [4] . A variety of phenomenological applications in the baryon sector, in particular to the spectrum and to strong and electromagnetic transitions, indicate that the 1/N c expansion can be a useful tool of analysis [5] . In photo-production, some model independent relations have been obtained in Ref. [6] , while in Ref. [7] the case of negative parity baryons belonging to the mixed-symmetric spin-flavor multiplet [20 ′ , 1 − ] were studied at leading order. In this work
we perform the analysis including O(1/N c ) corrections to the mentioned helicity amplitudes of positive parity baryons.
In the large N c and isospin symmetry limits, a dynamical contracted spin-flavor SU(4) symmetry emerges both for ground state [8] and excited baryons [9] . A framework for implementing the latter is with states filling multiplets of SU(4) × O(3) [10] , which is convenient because of the weakness of the O(N 0 c ) breaking effects shown by the excited baryon spectrum. In this work that framework is followed, which is particularly simple for the SU(4) symmetric multiplets involved here. For details on the definition of states relevant to this work see e.g. Ref. [11] .
The helicity amplitudes of interest are defined in the standard form [12] which includes a sign factor η(B * ) from the strong amplitude of the decay of the excited baryon to a πN state. They are given by:
where λ = 1/2 or 3/2 is the helicity defined along theẑ-axis which coincides with the photon momentum, ǫ +1 is the photon's polarization vector for helicity +1, and α is the finestructure constant, and | N denotes the initial nucleon state. The electromagnetic current J is represented as a linear combination of effective current operators which have the most 2 general form:
where the upper scripts display the angular momentum and isospin, and throughout the neutral component, i.e.
is an irreducible tensor in terms of the photon momentum, chosen here to be a spherical harmonic, and
[LI] are operators where ξ [LI] can be obtained along similar steps to those followed, for instance, in the study of strong transitions [11] . Since there is a one to one correspondence between L and the multipole to which an operator contributes to
, we denote them accordingly, e.g., E 
1/N c of a given helicity amplitude of isospin I can be expressed in terms of the reduced matrix elements (RME) of the operators B [LI] as follows:
where
I 3 denotes the initial nucleon's isospin. The factor √ N c results from taking transition matrix elements between excited and ground state baryons [16] . The reduced matrix elements are expressed in terms of the RME of the spin-flavor operator in B [LI] by:
where the latter RME is evaluated using similar techniques to those in [10, 17] . The coefficients g a (ω) are determined by fitting to the empirical helicity amplitudes [12] . Their ω-dependencies are taken here to be the natural ones for the multipole transitions, i.e., of operators. In the fits below, given the typical values of ω involved, a natural choice for Λ turns out to be Λ = m ρ = 770 MeV. Notice that the mass splittings within the baryon multiplets being considered are O(1/N c ), and therefore one could also absorb the ω dependencies of the coefficients into coefficients of higher order operators.
The sign η(B * ) is obtained from the strong amplitude for B * → πN and is given in terms of the sign of its RME as follows:
where ℓ π corresponds to the pion partial wave. The signs of the strong RME were determined in the 1/N c expansion in Ref. [11] . That analysis can determine the signs up to an overall sign for each pion partial wave. In the case of the Roper multiplet, where only ℓ π = 1 amplitudes contribute, this does not bring in any ambiguity. However, in the [20, 2 + ] multiplet there is an undetermined overall relative sign between the RME of P and F waves which has a bearing on relation (5). Following Ref. [15] , we introduce the notation ξ ′ = sign(P/F ) to refer to that relative sign.
We turn now to the fits of the empirical helicity amplitudes. Since the theoretical errors of a leading order (LO) analysis are O(1/N c ), in the LO fits we set the errors of the input amplitudes to be at least 30%. In the next to leading order (NLO) fits we use the experimental errors, which in some cases are around 10%, while most are larger than that.
We first discuss the helicity amplitudes of the Roper multiplet. Empirical amplitudes as well as the results of our fits are displayed in Table III contributes, and the fit gives χ 2 dof = 2. The amplitudes for the N(1440) require the isosinglet contribution for a good fit, and also the LO result for the λ = 3/2 amplitude of ∆(1600) is too large. In the spirit of the SQTT, the inclusion of the NLO isosinglet operator
would be expected to improve the fit. In fact, as seen from fit NLO1, this solves the first problem but worsens the second one. It is interesting to notice that in the LO fit the signs already coincide with the empirical ones. The main problem is the small magnitude of the λ = 3/2 amplitude, especially because it is necessary a 2-body operator to fit it well. As seen from fit NLO2, the operator M Table IV . At LO one has only 1-body operators, the isosinglet E 2 , but they are not sufficient to give a good description. This is a well known problem which shows up in virtually every model that has been considered, in particular constituent quark models. As the errors of their coefficients show, at LO the dominant operator is M 1 . All these contributions have the same sign and none is dominating, which makes the understanding of the large magnitude of the amplitude difficult. Most amplitudes receive several contributions, and there are large cancellations taking place, in particular in small amplitudes. One exception is the magnetic dipole amplitude λ = 1/2 of the ∆ (1910) which is experimentally very small, and in this analysis it receives a single 1-body operator contribution, namely that of the operator M [11] 1 . This serves to set the benchmark for the magnitude of magnetic dipole amplitudes, which as the fits show are small. Finally, the only E 4 operator present in the analysis turns out to be irrelevant, giving insignificant This should motivate the consideration of mechanisms that could give rise to these 2-body effects, some of which have been proposed by several authors [18] in the context of quark models.
We 
